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(54) Improved exhaust gas recirculation system for an internal combustion engine having an 
integrated valve position sensor 

(57) An exhaust gas recirculation system (10, 210) 
includes a valve body (50, 250) having an exhaust port 
(52, 252) adapted for fluid communication with a source 
of exhaust gas, an intake port (54, 254) adapted for fluid 
communication with the intake manifold of an internal 
combustion engine, and a valve member (64, 264). The 
system (10, 210) further includes a drive member (60, 
260) mounted to the valve body (50, 250) and including 
a mechanical output which is rotatable in opposed first 
and second directions. A gear train (86, 286) is opera- 
tively disposed between and in engagement with the ro- 
tatable mechanical output of the drive member (60, 260) 
and the valve member (64, 264). More specifically, the 
mechanical output rotating in either of the first or second 
directions imparts linear, reciprocal motion directly to the 
valve member (64, 264) through the gear train (86, 286) 
thereby moving the valve member (64, 264) between 
opened and closed positions to control the flow of ex- 
haust gas from the exhaust port (52, 252) to the intake 
port (54, 254). In addition, the exhaust gas recirculation 
system further includes a sensor (102, 302) integrated 
into the valve body (50, 250) and operatively connected 
to the valve member (64, 264) for detecting the linear 
position of the valve member (64, 264) as it is recipro- 
cated between its open and closed positions. 
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Description 



[0001 J The present invention relates, generally to ex- 
haust gas recirculation systems for internal combustion 
engines and, more specifically, to an improved exhaust 
gas recirculation system having an integrated valve po- 
sition sensor. 

[0002J Exhaust gas recirculation (EGR) valves are 
employed to control the recirculation of a portion of the 
exhaust gas generated from an internal combustion en- 
gine flowing through the exhaust manifold back into the 
combustion chamber via the intake manifold. Recircu- 
lation of exhaust gases to the air/fuel mixture at the in- 
take of the internal combustion engine is conducive to 
the reduction of the concentration of noxious nitrogen 
oxides in the exhaust gases which are discharged from 
the engine. Accordingly, and for this reason, exhaust 
gas recirculation is effected typically on gasoline en- 
gines when the engine is operating under part-throttle 
or substantial-throttle conditions. More specifically dur- 
ing idling conditions, negligible amounts of nitrogen ox- 
ides are produced in the combustion chambers of the 
engine and, therefore, there is little or no need of recir- 
culating exhaust gases to the air/fuel mixture. On the 
other hand, under part-throttle or substantial-throttle 
conditions, the throttle valve which controls intake air to 
the internal combustion engine is held in a more open 
position so that sufficient air may be add mixed to the 
fuel. At the same time, and during these operating con- 
ditions, it is common to recirculate exhaust gases into 
the air/fuel mixture and thereby reduce the noxious 
emissions of the internal combustion engine. 
[0003] Diesel engines typically utilize EGR during no 
load (idle) through medium load. In virtually all cases 
gasoline and diesel, EGR is shut off as full-load condi- 
tions are approached. 

[0004] The operation of the EGR valve and thus the 
amount of exhaust gas recirculated is often controlled 
by an electrically actuated vacuum regulator (EVR) as 
well as a differential pressure sensor, also known as a 
delta pressure sensor. In turn, signals to and from these 
components arecontrolled.by an engine control module 
(ECM). The effective control and simultaneous coordi- 
nation of the various EGR components presents some 
difficult challenges. More specifically, it is important to 
precisely actuate the EGR valve so that NO x emissions 
may be optimally minimized. The more components em- 
ployed to effectively implement exhaust gas recircula- 
tion the longer is the system response time and the more 
difficult and costly it is to control the process In the re- 
lated art, the EGR valve, EVRanddeltapressuresensor 
are typically separate components mounted at various 
places on the engine and interconnected via flexible or 
hard conduits referred to as "on-board plumbing " In 
systems presently employed in the related art, each 
component often requires its own mounting strategy and 
assoc.ated fasteners. The on-board plumbing must be 
routed so as not to clutter the engine. This object is not 



always met and EGR systems presently used in the field 
today can be difficult and expensive to service Further 
and because of the ever shrinking space available for 
he vehicle power plant, the effective use of space 
through efficient component packaging is a parameter 
which designers must constantly seek to improve 
[0005] Thus, there is a need in the art for exhaust qas 
recrculation systems which reduce the number of com- 
ponents needed to effectively recirculate exhaust gas to 
'0 the air/fuel mixture. Further, there is a need for such a 
system that reduces the complicated on-board plumb- 
ing of the type required for vacuum actuated EGR sys- 
tems. There is also a need in the art for an exhaust gas 
recirculation system that is easy and inexpensive to 
'5 service in the field. Finally, there is a need in the art for 
an exhaust gas recirculation system which has im- 
proved response time and accurate repeatability and 
which is smaller than present systems employed in the 
related art. 

20 
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[0006] The deficiencies in the related art are over- 
come by an exhaust gas recirculation system for an in- 
ternal combustion engine of the present invention The 
exhaust gas recirculation system includes a valve body 
having an exhaust port adapted forfluid communication 
with a source of exhaust gas, an intake port adapted for 
fluid communication with the intake manifold of an inter- 
so nal combustion engine, and a valve member The sys- 
tem further includes a drive member mounted to the 
valve body and including a mechanical output which is 
rotatable in opposed first and second directions A gear 
train is operatively disposed between and in meshing 
engagement with the rotatable mechanical output of the 
drive member and the valve member. More specifically 
the mechanical output is rotatable in either of the first or 
second directions to impart linear, reciprocal motion di- 
rectly to the vafve member through the gear train there- 
by moving the valve member between opened and 
closed positions to control the flow of exhaust gas from 
. the exhaust port to the intake port. In addition, the ex- 
haust gas recirculation system further includes a sensor 
integrated into the valve body and operatively connect- 
ed to the valve member for detecting the linear position 
of the valve member as it is reciprocated between its 
open and closed positions. 

[0007] The exhaust gas recirculation system of the 
present invention results in elimination of a number of 
components found in conventional EGR systems For 
example, there is no need for a vacuum regulator dia- 
phragm used to actuate a valve member, pressure sen- 
sor employed to sense the difference in pressure be- 
tween the diaphragm and the intake manifold as well as 
« no need for the associated on-board plumbing typically 
employed in connection with vacuum actuated EGR 
systems in the related art. Furthermore, the exhaust gas 
recirculation system of the present invention enjoys a 
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much faster response when compared to vacuum actu- 
ated EG R valves and has very precise valve positioning 
capabilities which are highly repeatable. In addition, the 
exhaust gas recirculation system of the present inven- 
tion is relatively small and compact and therefore has 
improved "packaging" characteristics allowing engine 
designers greater freedom when positioning the EGR 
system of the present invention relative to other related 
engine components. 

[0008] Other objects, features and advantages of the 
present invention will be readily appreciated as the 
same becomes better understood after reading the sub- 
sequent description taken in connection with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

Figure 1 is a schematic view of an internal combus- 
tion engine having the improved exhaust gas recir- 
culation system of the present invention; 
Figure 2 is a cross-sectional side view of one em- 
bodiment of the exhaust gas recirculation system of 
the present invention; 

Figure 3 is a cross-sectional front view of one em- 
bodiment of the exhaust gas recirculation system of 
the present invention; 

Figure 4 is a partial cross-sectional side view of the 
valve member of one embodiment of the exhaust 
valve recirculation system of the present invention 
shown in its open position; 

Figure 5 is a perspective view of an alternate em- 
bodiment of the exhaust gas recirculation system of 
the present invention; 

Figure 6 is a partial perspective view of the alternate 
embodiment of the exhaust gas recirculation sys- 
tem of the present invention with portions of the 
valve body broken away to illustrate the gear train 
and valve member; 

Figure 6A is a cross-sectional view taken along 
lines 6A-6A of Figure 6; and 
Figure 7 is a partial, cross-sectional side view illus- 
trating the valve member of the alternate embodi- 
ment of the present invention with the valve mem- 
ber shown in its closed position. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

[0010] One embodiment of an exhaust gas recircula- 
tion system of the present invention is generally indicat- 
ed at 10 in Figure 1 and is shown in conjunction with a 
schematically illustrated internal combustion engine 
generally shown at 12. The internal combustion engine 
may include one or more combustion chambers ar- 
ranged in any convenient manner such as in line or in a 
V-shaped configuration. Thus, the exhaust gas recircu- 



4 

lation system 10 may be employed in conjunction with 
an internal combustion engine having a straight 4, 
straight 6, V-6 : V-8, V-10 cylinder arrangements or the 
like. Furthermore, those having ordinary skill in the art 
5 will appreciate that the number and particular arrange- 
ment of the combustion chambers of the internal com- 
bustion engine form no part of the present invention. 
Thus, the internal combustion engine 12 is shown in Fig- 
ure 1 having one representative combustion chamber, 
10 generally indicated at 1 4, formed in an engine block 1 6. 
A piston 18 is supported for reciprocal motion within a 
cylinder 20. Together, the piston 1 8 and cylinder 20 de- 
fine the combustion chamber 14. Reciprocal motion of 
the piston 18 in response to a combustion cycle in the 
15 cylinder 20 imparts rotary motion to a crankshaft 22 via 
the connecting rod 24 as is commonly known in the art, 
[0011] A head 26 is mounted to the engine block 16 
and includes at least one intake port 28 and at least one 
exhaust port 30. The intake port 28 is in fluid communi- 
20 cation with an intake manifold, schematically represent- 
ed at 32. Combustion air is drawn into the manifold 32 
past a throttle 34 mounted in a throttle body 36 where it 
is mixed with partially atomized fuel vapor. The throttle 
34 moves to adjust the opening of the throttle body 36 
25 to adjust the amount of air flowing into the intake mani- 
fold 32 in response to certain predetermined parameters 
such as engine load, vehicle acceleration, etc. to regu- 
late the air/fuel mixture to an optimum ratio. 
[0012] In turn, the flow of the combustible air/fuel mix- 
30 ture into the cylinder 20 via the intake port 28 of the head 
26 is controlled by one or more intake valves 38. The 
intake valves 38 may be supported in the head 26 for 
reciprocating motion under the influence of a cam shaft 
40 to open and close fluid communication between the 
35 intake port 28 and the cylinder 20, as is commonly 
known in the art. 

[001 3] Similarly, an exhaust valve 42 may be support- 
ed in the head 26 for reciprocating motion under the in- 
fluence of a cam shaft 44 to open and close fluid com- 

40 munication between the cylinder 20 and the exhaust 
port 30. When the exhaust valve 42 is open, the prod- 
ucts of combustion, including exhaust gases having par- 
tially combusted pollutants such as NO x , are communi- 
cated to an exhaust manifold 46 through the exhaust 

45 port 30 formed in the head 26. 

[0014] Where it is desired that the amount of pollut- 
ants should be reduced : a portion of the exhaust gas 
may be drawn off from the exhaust manifold 46 or any 
other suitable location on the engine and communicated 

50 to the exhaust gas recirculation system 10. Fluid com- 
munication of exhaust gases from its source (the com- 
bustion cylinder 20) to the exhaust gas recirculation sys- 
tem 10 is schematically represented by the dotted line 
48. Thus, those having ordinary skill in the art will ap- 

55 preciate that any suitable means for achieving this type 
of fluid communication may be employed without de- 
parting from the scope of the invention. 
[0015] Referring now to Figure 1 in conjunction with 
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Figure 2, the exhaust gas recirculation system 10 is 
shown mounted at any convenient location on the en- 
gine 12 and is in fluid communication with both the in- 
take manifold 32 and the exhaust manifold 46. To this 
end, the exhaust gas recirculation system 10 of the 
present invention includes a valve body, generally indi- 
cated at 50, having an exhaust port 52 which is adapted 
for fluid communication with a source of exhaust gas. In 
the embodiment illustrated in Figure 1, this fluid com- 
munication is effected with the exhaust manifold 46 via 
one or more conduits represented by the dotted line 48. 
In addition, the valve body 50 includes an intake port 54 
which is adapted for fluid communication with the intake 
manifold 32 of the internal combustion engine 1 2. In the 
embodiment illustrated in Figure 1 , the exhaust gas re- 
circulation system 10 is mounted directly to the intake 
manifold 32 and communicates therewith via a passage 
56. However, those having ordinary skill in the art will 
appreciate from the description which follows that the 
exhaust gas recirculation system 10 may be mounted 
at any convenient place on the engine 12. The valve 
body 50 may also include a gear train housing, generally 
indicated at 58, which' may be formed integrally there- 
with or as a separate component which is fastened to 
other components to define the valve body 50. A drive 
member, generally indicated at 60, is mounted to the 
gear housing 58 of the valve body 50 using fasteners 
62 or any other suitable means. The drive member 60 
and gear housing 58 will be described in greater detail 
below. 

[0016] The exhaust gas recirculation system 1 0 also 
includes a valve member, generally indicated at 64. The 
valve member 64 is movable between open and closed 
positions to control the flow of exhaust gas from the ex- 
haust port 52 to the intake port 54 of the system 1 0. More 
specifically, the valve member 64 includes a valve ele- 
ment 66 and a valve stem 68 extending from the valve 
element 66 and through a bushing 70 in the valve body 
50. The valve element 66 is received on a valve seat 72 
formed in the valve body 50 at the exhaust port 52 when 
the valve member 64 is in its closed position. Above the 
bushing 70, the valve stem 68 includes gear teeth 74 
formed on at least a portion thereof. More specifically, 
the valve stem 68 defines a longitudinal axis A of the 
valve member 64. The gear teeth 74 define a rack ex- 
tending for a predetermined distance along the length 
of the valve stem 68 in the direction of the longitudinal 
axis. The valve element 66 is movable from the closed 
position shown in Figures 2 and 3 to the open position 
shown in Figure 4 in a direction toward the drive member 
60 and parallel to the longitudinal axis A. Thus, in the 
embodiment disclosed in Figures 2 through 4, the ex- 
haust gas recirculation system 10 employs a "pull to 
open" valve arrangement. 

[001 7] In the preferred embodiment illustrated in Fig- 
ures 2-3, the drive member 60 is a permanent magnet 
electric motor operating on direct current. The motor 60 
has a flanged housing 76 used to mount the motor 60 



to the gear train housing 58 via the fastener 62 as men- 
tioned above and a non-conductive, typically plastic, 
end cap 78 at one end thereof. The end cap 78 includes 
an electrical connector 80 integrally formed with the end 
s cap 78. The electrical connector 80 is operatively adapt- 
ed for connection with a source of electrical power (not 
shown). The electrical motor 60 has a mechanical out- 
put which is rotatable in opposed first and second direc- 
tions. More specifically, the mechanical output includes 
10 a drive shaft 82 which is rotatable in both clockwise and 
counterclockwise directions. The drive shaft 82 is sup- 
ported at its termi nal end opposite the motor 60 in a boss 
84 formed in the gear housing 58. 
[0018] A gear train, generally indicated at 86, is sup- 
's ported within the gear housing 58. More specifically, the 
gear train 86 is operably disposed between, and in 
meshing engagement with, the drive shaft 82 of the mo- 
tor 60 as well as the valve member 64 such that rotation - 
of the drive shaft 82 in either of its first or second direc- 
20 tions imparts linear, reciprocal motion directly to the 
valve member 64 through the gear train 86. In this way, 
the motor 60 through its drive shaft 82 and the geartrain 
86 directly moves the valve member 64 between its 
opened and closed positions to control the flow of ex- 
25 haust gas from the exhaust port 52 to the intake port 54 
and, ultimately, to the cylinders 20 of the internal com- 
bustion engine 12. To this end, the gear train 86 is op- 
erative^ disposed between and in meshing engage- 
ment with the drive shaft 82 and the gear teeth 74 on 
30 the valve stem 68. More specifically, the gear train 86 
includes a pinion drive gear 88 mounted for rotation with 
the drive shaft 82 and a compound gear, generally indi- 
cated at 90. The compound gear 90 is operatively dis- 
posed between and in meshing engagement with the 
35 pinion drive gear 88 and the gear teeth 74 of the valve 
stem 68. The compound gear 90 is mounted for rotation 
on a stub shaft 92 supported in a boss 94 formed in the 
gear housing 58. The compound gear 90 includes a re- 
duction gear 96 and a pinion driven gear 98. The reduc- 
40 tion gear 96 is in operative, meshing engagement with 
the pinion drive gear 88. The pinion driven gear 98 is in 
operative meshing engagement with the gear teeth 74 
on the valve stem 68. The reduction gear 96 serves to 
reduce the rotational speed of the drive shaft 82 to an 
45 appropriate level for moving the valve member 64 be- 
tween its open and closed positions. Thus, the geartrain 
B6 acts to translate the rotary output of the drive shaft 
82 directly into linear reciprocating movement of the 
valve member 64. 
50 [0019] In the preferred embodiment, the compound 
gear 90 is an integral piece and the reduction gear 96 
and the pinion driven gear 98 are therefore formed to- 
gether. However, those having ordinary skill in the art 
will appreciate from the discussion which follows that the 
55 present invention is not limited to the specific gear train 
disclosed herein and that a number of different config- 
urations may be employed to translate the rotary move- 
ment of the drive shaft 82 into the linear, reciprocal 
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movement of the valve member 64. 
[0020] The exhaust gas recirculation system 10 fur- 
ther includes a biasing member 1 00, shown in Figure 2, 
which acts on the valve member 64 to bias the valve 
element 66 in a direction away from the motor 60 and 
toward its closed position. In the preferred embodiment, 
the biasing member is a rotary spring 1 00 but those hav- 
ing ordinary skill in the art will appreciate that any suit- 
able biasing means may be employed. 
[0021] The exhaust gas recirculation system 10 fur- 
ther includes a sensor, generally indicated at 1 02, which 
accurately monitors the position and movement of the 
valve member 64. The sensor 102 may include a linear 
stroke sensor or potentiometer having a wiper 104 
which is fixably mounted in the valve body 50. The sen- 
sor 102 further includes at least one pickup 106 which 
is operatively mounted to or otherwise connected with 
the valve stem 68 of the valve member 64. In the em- 
bodiment illustrated in Figures 2-3, a bridge 108 opera- 
tively interconnects the pick-up 106 of the valve stem 
68. Accordingly, the pickup 1 06 is adapted for linear, re- 
ciprocal movement with valve member 64. At the same 
time, the pickup 106 is in physical, sliding contact with 
the wiper 1 04 such that the position and movement of 
the valve member 64 is detected as the valve member 
64 is moved between its open and closed positions. 
[0022] Thus, based on certain predetermined param- 
eters such as engine load, throttle positions, accelera- 
tion, etc. the motor 60 is energized on command by an 
engine control module (ECM). Actuation of the motor 60 
causes rotation of the drive shaft 82 in one direction or 
the other resulting in immediate and direct actuation of 
the valve member 64 via the gear train 86 to its open or 
closed positions. As it moves, the position of the valve 
member 64 is at all times monitored by the position sen- 
sor 102 which feeds this information back to the ECM. 
[0023] An alternate embodiment of the exhaust gas 
recirculation system of the present invention is generally 
indicated at 21 0 in Figures 5 and 6 where like numerals, 
increased by a factor of 200, are used to designate like 
structure throughout Figures 5 through 7. As with the 
exhaust gas recirculation system 10 illustrated in Fig- 
ures 2 through 4, the exhaust gas recirculation system 
21 0 is adapted to be used in connection with an internal 
combustion engine of the type schematically illustrated 
in Figure 1 . Accordingly, the discussion of the operation 
of the engine 12, the purpose of an exhaust gas recir- 
culation system and its location relative to other compo- 
nents of the engine 12 are incorporated herein by refer- 
ence as if repeated in connection with the discussion 
directed toward the exhaust gas recirculation system 
210 of Figures 5-7 which follows. 
[0024] The exhaust gas recirculation system 210 in- 
cludes a valve body 250 having an exhaust port 252 
adapted for fluid communication with a source of ex- 
haust gas and an intake port 254 adapted for fluid com- 
munication with the intake manifold 32 of the internal 
combustion engine. Like the embodiment illustrated in 



Figure 1, the exhaust gas recirculation system 210 is 
adapted to be mounted directly to the intake manifold 
32 and communicates therewith via the passage 56. 
However, those having ordinary skill in the art will ap- 

5 predate from the description which follows that the ex- 
haust gas recirculation system 210 may be mounted at 
any convenient place on the engine. 
[0025] The valve body 250 may also include a gear 
train housing, generally indicated at 258, which maybe 

10 formed integrally therewith or as a separate component 
which is mounted to other components via fasteners 
259, or the like, to'define the valve housing 250. In ad- 
dition, the exhaust gas recirculation system 210 in- 
cludes a drive member, generally indicated at 260, 

is which is mounted to the gear housing 258 ofthe valve 
body 250 using fasteners 252 or any other convenient 
means. The drive member 260 and gear housing 258 
will be described in greater detail below. 
[0026] The exhaust gas recirculation system 21 0 fur- 

20 ther includes a valve member, generally indicated at 
264. The valve member 264 is movable between open 
and closed positions to control the flow of exhaust gas 
from the exhaust port 252 to the intake port 254. More 
specifically, the valve member 264 includes a valve el- 

25 ement 266, a yoke, generally indicated at 274, and a 
valve stem 268 extending therebetween. The valve el- 
ement 266 is received on a valve seat 272 formed in the 
valve body 250 at the exhaust port 252. Furthermore, 
the valve member 264 includes a valve stop 270 formed 

30 about the valve stem 268 and which cooperates with the 
valve body 250 to limit movement of the valve member 
264 in the direction of the closed positions as will be 
des.cribed in further detail below. 
[0027] The valve stem 268 defines a longitudinal axis 

35 A 1 of the valve member 264. The valve element 266 is 
movable from its closed position as illustrated in Figures 
6 and 7 to an open position in a direction away from the 
drive member 260 and parallel to the longitudinal axis 
A' ofthe valve member 264. The exhaust gas recircula- 
te? tion system 210 also includes a biasing member 300 
which acts on the valve member 264 to bias the valve 
element 266 in a direction toward the drive member 260 
(upwardly as illustrated in Figures 6 and 7) and toward 
its closed position. A spring retainer 303 encircles one 

45 end of the valve stem 268 adjacent the yoke 274. In the 
preferred embodiment illustrated in Figures 6 and 7, the 
biasing member is a coiled spring 300. The spring 300 
is disposed between the retainer 303 and a complemen- 
tary retainer 305 supported on a surface 307 of the valve 

50 body 250. The coiled spring 300 acts on the valve mem- 
ber 264 through the retainer 303 in the direction of the 
closed positions of the valve member 264. 
[0028] In the preferred embodiment illustrated in Fig- 
ures 5-7, the drive member is a permanent magnet, 

55 electric motor 260 operating on direct current. The motor 
260 has a flanged housing 276 used to mount the motor 
260 to a motor mount 277 (Figure 6) of the valve body 
250 as mentioned above and a non-conductive, typically 
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plastic, end cap 278 at one end thereof. The end cap 
278 includes electrical connectors 280 which are used 
to supply the motor with power. The electrical motor260 
has a mechanical output which is rotatable in opposed 
first and second directions. More specifically, the me- 
chanical output includes a drive shaft 282 which is ro- 
tatable in clockwise and counterclockwise directions. 
[0029] The exhaust gas recirculation system 210 fur- 
ther includes a gear train, generally indicated at 286, 
which is supported within the gear housing 258. More 
specifically, the gear train 286 is operatively disposed 
between and in engagement with the drive shaft 282 of 
the motor 260 and the valve member 264 such that ro- 
tation of the drive shaft 282 in either of its first or second 
directions imparts linear, reciprocal motion directly to the 
valve member 264 through the gear train 286. In this 
way, the valve member 264 is moved between open and 
closed positions to control the flow of exhaust gas from 
the exhaust port 252 to the intake port 254. To this end, 
the gear train 286 is operatively disposed between the 
drive shaft 282 and the yoke 274 on the valve element 
266. More specifically, the gear train 286 includes a 
worm drive gear 288 mounted within the gear housing 
258 between two roller bearings 284. The worm drive 
gear 288 is coupled for rotation with the drive shaft 282 
of the motor 260. The gear train 286 also includes a sec- 
tor gear 290 having arcuately disposed gear teeth 292. 
The sector gear 290 is rotatable about an axis X extend- 
ing transverse to the longitudinal axis of the valve mem- 
ber 264. Furthermore, the sector gear 290 includes a 
lever portion 296 which is operatively coupled to the 
yoke 274 and through which linear reciprocating move- 
ment is imparted to the valve member 264. 
[0030] More specifically, the yoke 274 has a pair of 
tines 275 extending upwardly as illustrated in Figure 6 
and in the direction of the longitudinal axis of the valve 
member 264. The tines 275 are spaced from one anoth- 
er and include oval shaped apertures 277 extending 
through each tine 275. The lever portion 296 is received 
between the tines 275 and includes a pair of opposed 
cylindrical bosses 297 extending in a direction trans- 
verse to the longitudinal axis of the valve member 264. 
The cylindrical bosses 297 are received in the oval 
shaped apertures 277 thereby interconnecting the lever 
portion 296 of the sector gear 290 directly to the valve 
member 264 via the yoke 274. Rotational movement of 
the sector gear 270 causes the lever portion 296 to act 
on the yoke 274 to import linear, reciprocating move- 
ment to the valve member 264 to move it between its 
open and closed positions. 

[0031] The exhaust gas recirculation system 210 fur- 
ther includes a sensor, generally located at 302 in Figure 
5, which is integrated into the valve body 250 and is op- 
eratively interconnected with the valve member 264 for 
detecting the linear position of the valve member 264 as 
it is reciprocally moved between its open and closed po- 
sitions. In the preferred embodiment, the sensor is a po- 
tentiometer having a housing 303 with cover plate 305 



operatively mounted to the housing 303 via fasteners 
307 or the like. As best shown in Figure 6, the sector 
gear 290 includes stub axle 310 which is coextensive 
with and rotatable about the transverse axis. The sensor 
5 302 is operatively interconnected to the stub axle 310 
in the area of 304 through drive tangs 306 which may 
serve as a tone wheel. Detection of rotary movement of 
the stub axle 310 may be used to determine the linear 
movement of the valve member 264 between its open 
to and closed positions. In the preferred embodiment illus- 
trated in Figure 6A, the sensor 308 is a non-contacting, 
Hall effect sensor. This consists of a ring magnet 312 
mounted on a hub which, in turn, may be mounted on 
the worm drive gear 288 or any other convenient loca- 
tion. The ring magnet 312 is magnetized with multiple 
poles around its circumference. The hall effect sensor 
308 is in close proximity to the OD of the magnet 312 
and mounted on housing 258. Linear movement of the 
valve member 264 is sensed through movement at the 
20 worm drive gear. 

[0032] Based on certain predetermined parameters 
such as engine load, throttle position, acceleration, etc., 
the motor 260 is energized on command by an engine 
control module (ECM). Actuation of the motor260 caus- 
es es rotation of the drive shaft 282 in one direction or the 
other resulting in immediate and direct actuation of the 
valve member 264 via the gear train 286 to its open or 
closed position. As it moves, the position of the valve' 
member 264 is at all times monitored by the position 
30 sensor 302 which feeds this information back to the 
ECM. 

[0033] Thus, the exhaust gas recirculation system 1 0, 
21 0 provides accurate, incremental control of the move- 
ment of the valve member 64 with a much faster re- 
35 sponse time when compared with vacuum actuated 
EGR valves. Furthermore, the exhaust gas recirculation 
system 1 0, 21 0 enjoys very precise valve positioning ca- 
pabilities which are highly repeatable. The system 10, 
21 0 results in an elimination of a number of components 
40 found in conventional EGR valves such as the electri- 
cally actuated vacuum regulator having a diaphragm 
used to actuate a valve member, the pressure sensor 
as well as the associated on-board plumbing typically 
employed in connection with vacuum actuated EGR 
4 * systems known in the related art. Thus, the exhaust gas 
recirculation system 1 0, 210 of the present invention is 
smaller and more compact than vacuum actuated EGR 
valves known in the related art. This results in improved 
"packaging" characteristics which allow engine design- 
50 ers greater freedom when positioning the exhaust gas 
recirculation system of the present invention relative to 
other related components. 

[0034] The invention has been described in an illus- 
trative manner. It is to be understood that the terminol- 
55 ogy which has been used is intended to be in the nature 
of words of description rather than of limitation. Many 
modifications and variations of the invention are possi- 
ble in light of the above teachings. Therefore, within the 
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scope of the appended claims, the invention may be 
practiced other than as specifically described. 



Claims 

1. An exhaust gas recirculation system (10, 210) for 
an internal combustion engine, said system com- 
prising: 

a valve body (50, 250) having an exhaust port 
(52, 252) adapted for fluid communication with 
a source of exhaust gas, an intake port (54, 
254) adapted for fluid communication with the 
intake manifold of an internal combustion en- 
gine, and a valve member (64, 264); 
a drive member (60, 260) mounted to said valve 
body (50 : 250) and including a mechanical out- 
put rotatable in opposed first and second direc- 
tions; 

a gear train (86, 286) operably disposed be- 
tween, and in engagement with, said rotatable 
mechanical output of said drive member (60, 
260) and said valve member (64, 264) such that 
said mechanical output rotating in either of said 
first or second directions imparts linear, recip- 
rocal motion directly to said valve member (64, 
264) through said gear train (86, 286) thereby 
moving said valve member (64, 264) between 
open and closed positions to control the flow of 
exhaust gas from said exhaust port (52, 252) to 
said intake port (54, 254); and 
a sensor (102, 302) integrated into said valve 
body (50, 250) and operatively connected to 
said valve member (64, 264) for detecting the 
linear position of said valve member (64, 264) 
as said valve member is reciprocally moved be- 
tween said open and closed positions. 

2. An exhaust gas recirculation system (10) as set 
forth in claim 1 wherein said rotatable mechanical 
output of said drive member (60) includes a drive 
shaft (82), said valve member (64) having a valve 
element (66) and a valve stem (68) extending from 
said valve element (66), said valve stem (68) includ- 
ing gear teeth (74) formed on at least a portion 
thereof, said gear train (86) operatively disposed 
between and in meshing engagement with said 
drive shaft (82) and said gear teeth (74) on said 
valve stem (68). 

3. An exhaust gas recirculation system (10) as set 
forth in claim 2 wherein said gear train (86) includes 
a pinion drive gear (88) mounted for rotation with 
said drive shaft (82) of said drive member (60) and 
a compound gear (90) operatively disposed be- 
tween and in meshing engagement with said pinion 
drive gear (88) and said gear teeth (74) of said valve 



stem (68). 

4. An exhaust gas recirculation system (10) as set 
forth in claim 3 wherein said compound gear (90) 

5 includes a reduction gear (96) and a pinion driven 
gear (98), said reduction gear (96) being in opera- 
tive meshing engagement with said pinion drive 
gear (88) and said pinion driven gear (98) being in 
operative meshing engagement with said gear 

io teeth (74) on said valve stem (68) to translate said 
rotary output of said drive shaft (82) into linear re- 
ciprocating movement of said valve member (64). 

5. An exhaust gas recirculation system (10) as set 
15 forth in claim 2 wherein said valve stem (68) defines 

a longitudinal axis thereof, said gear teeth (74) de- 
fining a rack extending for a predetermined distance 
along the length of said valve stem (68) in the di- 
rection of said longitudinal axis. 

20 

6. An exhaust gas recirculation system as set forth in 
claim 5 wherein said valve element (66) is movable 
from said closed position to said open position in a 
direction toward said drive member (60) and paral- 

25 lei to said longitudinal axis. 

7. An exhaust gas recirculation system (10) as set 
forth in claim 6 further including a biasing member 
(100) acting on said valve member to bias said 

30 valve element (66) in a direction away from said 
drive member (60) and toward said closed position. 

8. An exhaust gas recirculation system (210) as set 
forth in claim 1 wherein said rotatable, mechanical 

35 output of said drive member (260) includes a drive 
shaft (282), said valve member (264) having a valve 
element (266), a yoke (274) and a valve stem (268) 
extending therebetween, said valve stem (268) de- 
fining a longitudinal axis of said valve member 

40 (264), said gear train (286) operatively disposed be- 
tween said drive shaft (282) and said yoke (274) on 
said valve element (266) to move said valve mem- 
ber (264) between said open and closed positions. 

45 9. An exhaust gas recirculation system (210) as set 
forth in claim 8 wherein said gear train (286) in- 
cludes a worm drive gear (288) mounted for rotation 
with said drive shaft (282) of said drive member 
(260) and a sector gear (290) rotatable about an ax- 
so is extending transverse to said longitudinal axis of 
said valve member (264) and including a lever por- 
tion (296) operatively coupled to said yoke (274) 
and providing linear reciprocating movement to said 
valve member (264). 

55 

10. An exhaust gas recirculation system (210) as set 
forth in claim 9 wherein said sector gear (290) in- 
cludes a stub axle (31 0) coextensive with and rotat- 
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able about said transverse axis, said sensor (302) 
including a tone wheel (306) mounted to said stub 
axle (310) and having a plurality of teeth, and a non- 
contacting sensor (302) disposed opposite said 
teeth on said tone wheel (306) for detecting rotary 5 
movement of said axle (310) thereby detecting lin- 
ear movement of said valve member (264) between 
its open and closed positions. 

10 



15 



20 



25 



30 



35 



40 



45 



50 



8 




9 



EP 1 126 156 A2 





11 



EP 1 126 156 A2 




12 



EP1 126 156 A2 




13 



EP1 126 156 A2 




